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g IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Hon. Commissioner of Patents and Trademarks 
Washington, D. C. 20231 

Sir: 

Transmitted herewith for filing under 37 C.F.R §1. 53(b) is a patent application for 
SELF-COMPENSATING HYBRID COMBINATION DUCTS 



identified by: [ ] First named inventor 

or [X ] Attorney Docket No. (see above) 

1 . Type of Application 

[X ] This application is a new (non-continuing) application. 

[ ] This application is a [ ] continuation / [ ] divisional / [ ] continuation-in-part of prior 
application No. . Amend the specification by inserting before the first line the sentence: 

-This is a [continuation/division/continuation-in-part] of United States patent 
application No. , filed .-- 

[ ] The entire disclosure of the prior application, from which a copy of the oath or 
declaration is supplied, is considered part of the disclosure of the accompanying 
application and is hereby incorporated by reference therein. 

If for some reason applicant has not requested a sufficient extension of time in the parent 
application, and/or has not paid a sufficient fee for any necessary response in the parent 
application and/or for the extension of time necessary to prevent the abandonment of the parent 
application prior to the filing of this application, please consider this as a Request for an Extension 
for the required time period and/or authorization to charge our Deposit Account No. 08-0750 for 
any fee that may be due. THIS FORM IS BEING FILED IN TRIPLICATE: one copy for this 
application; one copy for use in connection with the Deposit Account (if applicable); and one copy 
for the above-mentioned parent application (if any extension of time is necessary). 

2. Contents of Application 



a. Specification of 32 pages; 

[ ] A microfiche computer program (Appendix); 

[ ] A nucleotide and/or amino acid sequence submission; 

[ ] Because the enclosed application is in a non-English language, a verified English 
translation [ ] is enclosed [ ] will be filed. 

[ ] Cancel original claims of the prior application before calculating the filing fee. (At 

least one original independent claim must be retained for filing date purposes.) 

b. [X ] Drawings on 6 sheets (Figs. 1-10); 
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c. [X ] A signed Oath/Declaration [X ] is enclosed / [ ] will be filed in accordance with 37 

C.F.R. §1. 53(f). 

The enclosed Oath/Declaration is [X ] newly executed / [ ] a copy from a prior application 
under 37 C.F.R. §1. 63(d) / [ ] accompanied by a statement requesting the deletion of 
person(s) not inventors in the continuing application. 

d. Fees 



FILING FEE Number Number Basic Fee 

CALCULATION Filed Extra Rate $690.00 

Total Claims 26 - 20 = 6 x $18.00 = $108.00 

Independent Claims 5 3 = 2 x $78.00 = $156.00 

Multiple Dependent Claim(s) Used $260.00 = -0- 

FILING FEE - NON-SMALL ENTITY $954.00 

FILING FEE - SMALL ENTITY: Reduction by 1/2 

[ ] Verified Statement under 37 C.F.R. §1.27 is enclosed. -0- 
[ ] Verified Statement filed in prior application. 

Assignment Recordal Fee ($40.00) $40.00 

37 C.F.R. §1.1 7(k) Fee (non-English application) -0- 

TOTAL $994.00 



[X ] A check is enclosed to cover the calculated fees. The Commissioner is hereby authorized 
to charge any additional fees that may be required, or credit any overpayment, to Deposit 
Account No. 08-0750. A duplicate copy of this document is enclosed. 

[ ] The calculated fees will be paid within the time allotted for completion of the filing 
requirements. 

[ ] The calculated fees are to be charged to Deposit Account No. 08-0750. The Commissioner 
is hereby authorized to charge any additional fees that may be required, or credit any 
overpayment, to said Deposit Account. A duplicate copy of this document is enclosed. 

3. Priority Information 

[ ] Foreign Priority: Priority based on Application No. , filed , is 

claimed. 

[ ] A copy of the above referenced priority document [ ] is enclosed / [ ] will be filed in 
due course, pursuant to 35 U.S.C. §1 19(a)-(d). 

[ ] Provisional Application Priority: Priority based on United States Provisional Application 
No. , filed , is claimed under 35 U.S.C. §11 9(e). 
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4. Other Submissions 

[ ] A Preliminary Amendment is enclosed. 

[X ] An Information Disclosure Statement, 1 sheets of PTO Form 1449, and 12 
patent(s)/publications/documents are enclosed. 

[X ] A power of attorney 

[X ] is submitted [X ] with the new Oath/Declaration. 

[ ] is of record in the prior application and [ ] is in the original papers / [ ] a copy is 
enclosed. 

[X ] An Assignment of the invention 

[X ] is enclosed with a cover sheet pursuant to 37 C.F.R. §§3.1 1 , 3.28 and 3.31 . 

[ ] is of record in a prior application. The assignment is to , and is recorded at Reel 

, Frame(s) . 

[ ] An Establishment of Assignee's Right To Prosecute Application Under 37 C.F.R. §3. 73(b), 
and Power Of Attorney is enclosed. 

[X ] An Express Mailing Certificate is enclosed. 

[ ] Other: 



Attention is directed to the fact that the correspondence address for this application is: 

Harness, Dickey & Pierce, P.L.C. 
P.O. Box 828 

Bloomfield Hills, Michigan 48303 
(248) 641-1600. 



Date ^2 

Harness, Dickey & Pierce, P.L.C 
P.O. Box 828 

Bloomfield Hills, Michigan 48303 
(248) 641-1600 



Respectfull 




Michael D. 2feflobsky 
Reg. No. 45,512 
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Harness, Dickey & Pierce, P.L.C 

ATTORNEYS AND COUNSELORS 
P O BOX 828 
BLOOMFIELD HILLS, MICHIGAN 48303 

Date August 2, 2000 



Hon. Commissioner of Patents 

and Trademarks 
Washington, D.C. 20231 



Sir: 



EXPRESS MAILING CERTIFICATE 



TELEPHONE 
(248) 641-1600 

TELEFACSIMILE 
(248) 641-0270 



Applicant: Jayant D. Patel 
Serial No (if any): 

For: SELF-COMPENSATING HYBRID COMBINATION DUCTS 
Docket: 7784-000135 
Attorney: Mark D. Elchuk 

"Express Mail" Mailing Label Number ....... EL581388269US 

Date of Deposit August 2, 2000 



I hereby certify and verify that the accompanying Check in the amount of $994.00 
($954.00 for filing fee, $40.00 for Assignment Recordal Fee); Transmittal Letter (in 
duplicate); Specification (including 32 pgs.); Drawings on 6 Sheets (Figs. 1-10); 
Declaration and Power of Attorney; Assignment Recordal Sheet (in duplicate); 
Assignment; Information Disclosure Statement; PTO Form-1449 (including 12 references) 
are being deposited with the United States Postal Service "Express Mail Post Office To 
Addressee" service under 37 C.F.R. 1.10 on the date indicated above and (is) are 
addressed to the Commissioner of Patents and Trademarks, Washington, D.C. 20231 . 




Signature of Person Mailing Document(s) 
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SELF-COMPENSATING HYBRID COMBINATION DUCTS 

TECHNICAL FIELD 

The present invention relates generally to the forming of duct assemblies 
5 and more particularly to a duct assembly having an end or intermediate portion 
which is specifically tailored to the needs of a particular application. The end or 
intermediate portion may be relatively more flexible and self-forming than the 
adjoining portion or may have a protective covering to provide the hose 
assembly with a predetermined characteristic such as abrasion, tear or puncture 
1 0 resistance in a desired area. 



BACKGROUND OF THE INVENTION 
BACKGROUND ART 

In the aircraft industry, complex ducts are frequently required for the 

15 routing of pressurized fluids, including air, throughout the aircraft. These 
ducts are often times fabricated in from metal or other rigid materials in 
several long sections, with each section having numerous branches for 
coupling various components to the duct. An illustrative duct section 
constructed in this manner is illustrated in Figure 1 . 

20 Duct section 10 includes a body portion 12 and a plurality of branch 

portions 14. Body portion 12 and branch portions 14 are formed with 
relatively expensive tools and equipment according to a design model. The 
design model typically employs the nominal positions or 3-dimensional 
location 16 of the components 18 that are to be coupled to the duct section 
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10, as well as the structure of the device into which duct section 10 is 
attached, to determine the geometry of the body portion 12 and each of the 
branch portions 14. In a typical situation, the design data for the duct section 
10 that is developed from the design model is quite complex, with many 

5 curves, bends and branch portions 14 being formed in the duct section 10 
throughout its length. 

The configuration of the duct section 10 frequently necessitates that it 
be fabricated in several component parts which are then coupled together via 
specialized fittings, clamps or welding. Those skilled in the art will readily 

10 understand that due to part-to-part variation between the component parts, as 
well as the variation in which they are assembled, the configuration of duct 
section 10 can vary widely from the design model. Complicating matters is 
that the actual positions 20 of the components 18 that are to be coupled to the 
duct section 10 frequently vary from their nominal position 16. 

15 If the variance between the actual position 20 of the components 18 

and the associated connection point of the duct section 10 are severely mis- 
aligned, it is necessary to take corrective action, such as modifying the tooling 
on which the component parts of the duct section 10 are fabricated, modifying 
the design positions of the components 18 which are connected to duct 

20 section 10, and/or reworking duct section 10 to tailor it to the particular 
application. These corrective actions are frequently expensive and time 
consuming as it is usually quite difficult to identify and quantify each of the 
variations from the design model. Often times, the corrective action is 
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iterative in nature, with small improvements being made over an extended 
period of time. 

While the amount of time that is expended to achieve a finalized design 
is one drawback of an iterative design approach, another concerns the 

5 proliferation of components that result from the release of "intermediate" 
versions into production. As each version may have unique servicing and 
maintenance requirements, thereby increasing the complexity of a servicing 
program. Furthermore, stocking of several "intermediate" versions may be 
necessary to ensure that all previously produced products may be timely 

10 serviced. 

One solution that has been proposed is to break the duct section 10 
into a plurality of even shorter sub-sections which are coupled together during 
the installation of duct section 10 into a particular application. One drawback 
of the use of multiple duct sub-sections is that depending on the particular 

15 application, it can be difficult to couple the sub-sections together if the duct 
sub-sections are relatively inaccessible for servicing after they are located into 
the application. This solution is also relatively expensive, can adversely affect 
the overall reliability of the duct section, increase the frequency with which it 
must be serviced and add considerable weight to the duct section. 

20 These drawbacks are particularly true where relatively long flexible 

hoses are employed, as these sub-sections tend to move relative to their 
associated duct-subsections due to vibrations that are generated in the 
application and transmitted through the duct. This relative motion renders the 
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intersection between the duct sub-sections more susceptible to failure due to 
the stresses, strain and/or shear forces that are typically created in that region 
from the clamping device which secures the hose to its associated duct sub- 
section and/or abrading on another portion of the application (e.g., the 
structure to which the duct is coupled). 

Accordingly, there remains a need in the art for a duct that is relatively 
easy and inexpensive to fabricate regardless of the complexity of its 
configuration. The duct should be easy to install and readily accommodate 
the variation that occurs from part-to-part and application-to-application. 
Furthermore, the duct should be easily tailored to the unique needs of an 
application. 

SUMMARY OF THE INVENTION 
In one preferred form, the present invention provides a duct assembly 
for coupling a pair of components in fluid connection. The duct assembly 
includes a first portion, a second portion and a support collar. The second 
portion is relatively more flexible than the first portion and in fluid connection with 
the first portion. The support collar is coupled to an outer perimeter of the 
second portion and abuts the first portion. The support collar is sized to prevent 
the formation of a stress riser at an intersection between the first and second 
portions to thereby render the intersection less susceptible to tearing in 
response to repeated flexing of the second portion. 
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In another preferred form, the present invention provides a duct 
assembly for coupling a pair of components in fluid connection. The duct 
assembly includes a duct portion and a sleeve portion. The sleeve portion is 
bonded to an exterior perimeter of the duct portion in a predetermined area of 
5 the duct portion and provides the predetermined area of the duct portion with a 
predetermined characteristic, such as abrasion and tear resistance. 

In another preferred form, the present invention provides a method for 
forming a reinforced flexible duct assembly. The method includes the steps of 
providing a duct member; determining a diameter of the duct member; selecting 
10 a reinforcement member and a reinforcement pitch based on the diameter of the 
duct member; and bonding the reinforcement member to an exterior surface of 
the duct member in a helix such that a pitch of the helix is equal to the 
reinforcement pitch. 

In another preferred form, the present invention provides a method for 
15 forming a hose assembly for coupling a plurality of components in fluid 
connection. The method includes the steps of forming a rigid duct structure and 
a flexible duct structure; and bonding the flexible duct structure to an end of the 
rigid duct structure to produce a clampless flexible joint which permits an end of 
the flexible duct structure opposite the rigid duct structure to be moved relative 
20 to the rigid duct structure. 

In another preferred form, the present invention provides a method for 
forming a hose assembly for coupling a plurality of components in fluid 
connection. The method comprising the steps of forming a flexible duct 
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structure from an elastomeric material; forming first and second rigid duct 
structures, the first and second rigid duct structures being formed to be relatively 
more rigid than the flexible duct structure; coupling the first rigid duct structure to 
a first end of the flexible duct structure; and coupling the second rigid duct 
5 structure to a second end of the flexible duct structure such that the flexible duct 
structure permits the first and second rigid duct structures to be moved relative 
to one another. 



BRIEF DESCRIPTION OF THE DRAWINGS 
10 Additional advantages and features of the present invention will 

become apparent from the subsequent description and the appended claims, 
taken in conjunction with the accompanying drawings, wherein: 

Figure 1 is a plan view of a conventional prior art duct assembly; 
Figure 2 is a plan view of a duct assembly constructed in accordance 
15 with several aspects of the present invention, the duct assembly being shown 
in an installed condition; 

Figure 3 is a cross-sectional view taken along the line 3-3 of Figure 2; 
Figures 4a, 4b, 4c, 4d, 4e & 4f are cross-sectional views of different 
helix members; 

20 Figure 5 is an enlarged view of a portion of Figure 3 illustrating a bent 

portion of the intersection between the rigid and flexible duct structures when 
a positive pressure load is applied to the interior of the duct assembly; 
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Figure 6 is a view similar to that of Figure 6 but illustrating a bent 
portion of the intersection between the rigid and flexible duct structures when 
a negative pressure load is applied to the interior of the duct assembly; 

Figure 7 is a cross-sectional view taken along the line 7-7 of Figure 2; 
5 Figure 8 is a plan view of a duct assembly similar to that of Figure 2 but 

illustrating a first alternate construction; 

Figure 9 is a plan view of a duct assembly constructed in accordance 
with another aspect of the present invention; 

Figure 10 is a plan view of a duct assembly similar to that of Figure 9 
10 but illustrating an alternate construction. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
With reference to Figure 2 of the drawings, a duct assembly 
constructed in accordance with the teachings of the present invention is 

15 generally indicated by reference numeral 10. Duct assembly 50 is shown to 
include a plurality of rigid duct structures 52, a plurality of flexible duct 
structures 54 and a plurality of elastomeric attachment sleeves 56. Each of 
the rigid duct structures 52 is formed from a material which is relatively more 
rigid than the flexible duct structure 54 to which it is adjacent. For example, 

20 rigid duct structures 52a and 52b are relatively more rigid than flexible duct 
structure 54a. In the particular embodiment illustrated, each of the rigid duct 
structures 52 are fabricated from metals, such as steel and aluminum, plastics 
and composites such as fiberglass, carbon, KEVLAR® and NEXTEL®. 
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Each of the flexible duct structures 54 is positioned between an 
associated pair of rigid duct structures 52 to permit the shape of duct 
assembly 50 to be easily tailored to the needs of a particular application. The 
flexible duct structures 54 are illustrated to be bonded to one or more 
5 associated rigid duct structures 52 to produce a clampless flexible joint that 
joins the opposite ends of each of the flexible duct structures 54 to an 
associated one of the rigid duct structures 52. In the particular embodiment 
illustrated, flexible duct structures 54b, 54c and 54d are helix reinforced 
structures 60 and flexible duct structures 54a and 54e are convoluted bellows 

10 structures 62. 

A detailed description of helix reinforced structure 60 is beyond the scope 
of the present invention and need not be provided herein. Briefly, and with 
additional reference to Figures 3 through 6, each of the helix reinforced 
structures 60 is shown to include an inner liner or member 66, a reinforcing 

15 helix 68 and an outer member 70. In the example provided, inner member 66 
and outer member 70 are formed from conventional elastomeric duct 
materials (i.e., uncured elastomeric impregnated composite fabrics), such as 
rubber, silicone, nitrile, butyl, ethylene propylene, neoprene, polyurethane, 
fluoro silicone and fluoro elastomers and reinforcing helix 68 is fabricated from 

20 a thermoplastic material such as polyetherimide, polyphenlsulfone or 
polyarylsulfone. 

Reinforcing helix 68 is bonded between inner and outer members 66 
and 70, thereby reinforcing inner member 66 to guard against bursting, 
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collapsing or kinking. The cross-section of reinforcing helix 68 preferably 
includes a flat base 72 as shown in Figures 4a through 4d but other shapes, 
such as those shown in Figures 4e and 4f may also be used. Reinforcing 
helix 68 may also have one or more hollow cavities 74 as illustrated in Figures 
5 4c, 4d and 4f to reduce the weight and stiffness of duct assembly 50. Helix 
reinforced structure 60 is otherwise discussed in greater detail in commonly 
assigned U.S. Patent No. 6,000,435, the disclosure of which is hereby 
incorporated by reference as if fully set forth herein. 

In fabricating duct assembly 50, the inner member 66 of flexible duct 

10 structure 54b is positioned to extend into the ends 78 and bonded to the inner 
walls 80 of rigid duct structures 52b and 52c. An adhesive material is applied 
to the exterior surface 82 of inner member 66 and/or to reinforcing helix 68 
and reinforcing helix 68 is applied to the portion of the inner member 66 
between rigid duct structures 52b and 52c. Preferably, the size of the material 

15 forming reinforcing helix 68 (i.e., the reinforcement member 84) as well as the 
pitch "p" of reinforcing helix 68 are related to the size of the flexible duct 
structure 54 in accordance with a second aspect of the present invention as 
shown, for example, in the table set forth below. Sizing reinforcement 
member 84 and setting the pitch "p" of reinforcing helix 68 to the 

20 reinforcement pitch set forth in the table, below, permits flexible duct structure 
54 to achieve a good balance of strength and flexibility without the need for 
experimentation to empirically derive the size of the material and pitch of the 
helix. Proper selection of the material which forms reinforcing helix 68 and 
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the pitch "p" of reinforcing helix 68 permits flexible duct structure 54 to be bent 
with a relatively tight bending radius without kinking (illustrated by reference 
letter "k" in phantom in Figure 2). 
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Table 1 



Diameter (d) 
of Flexible 

Duct 
Structure 
(inches) 


Dimension of Polyetherimide 
Reinforcing Helix Material* 
(inches) 


Reinforcement Pitch 


Solid Cross- 
Section 


Hollow-Cross 
Section 


Solid Cross- 
Section 


Hollow-Cross 
Section 


d > VA 


0.15 


0.15 


% 


% 


TA > d > 5 1 / 2 


1/8 


1/8 


% 


Z A 


5 1 / 2 > d > 4 


0.10 


0.10 


7/8 


7/8 


4 > d > 37 2 


0.10 


0.10 


% 


y* 


3 1 / 2 > d > 2 1 / 2 


3/32 


3/32 


Z A 


3 A 


2 1 / 2 >d> 1% 


3/32 


3/32 


5/8 


5/8 


1%>d > VA 


5/64 


5/64 


y 2 


y 2 


1 1 /4>d> 1 


1/16 




7/16 




1 >d 


1/16 




3/8 





*The term "dimension" is employed to describe the largest cross-sectional 
width dimension (e.g., diameter) of the reinforcing helix material. 



Additional adhesive material may be applied to the inner surface 86 of 
5 outer member 70 before outer member 70 is overlaid onto the reinforcing helix 
68 and inner member 66 to complete the lay-up of this portion of duct 
assembly 50. Preferably, however, the lay-up also includes a pair of support 
collars 90 constructed in accordance with a third aspect of the present invention. 
Support collars 90 are disposed between reinforcing helix 68 and each of the 
10 rigid duct structures 52b and 52c and coupled to the exterior surface 94 of the 
outer member 70. 
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Each of the support collars 90 are preferably fabricated from a 
thermoplastic material such as polyetherimide, polyphenlsulfone or 
polyarylsulfone. The cross-section of the support collars 90 may be solid or 
hollow and may be identical in configuration to reinforcing helix 68. It is 
5 preferred, however, that each of the support collars 90 have a cross-section with 
a rounded top 96 and a flat base 72, such as the cross-sections shown in 
Figures 4b and 4c. It is also preferred that the ends 78 of the rigid duct 
structures 52 include an end portion 100 which is smaller in diameter than a 
body portion 102 of the rigid duct structure 52. End portion 100 preferably has a 

10 height which is equal to the height of support collar 90 and a length which is 
equal to the pitch "p" of reinforcing helix 68. 

In operation, support collar 90 is operable for distributing loads 
associated with the movement of flexible duct structure 54 relative to rigid duct 
structure 52, whether the movement be caused from the bending of flexible duct 

15 structure 54 or exposure to a fluid pressure differential. In Figure 5, the interior 
106 of duct assembly 50 is exposed to a pressurized fluid, causing flexible duct 
structure 54 to bulge in an outward direction. Support collar 90 limits the 
amount by which the wall 108 of flexible duct structure 54 may rotate relative to 
rigid duct structure 52 and helps to spread the tensile and compressive forces 

20 associated with the bulging of the flexible duct structure 54 over a relatively 
larger area. Support collar 90 is therefore sized to prevent the formation of a 
stress riser at the intersection 110 between rigid duct structure 52 and flexible 
duct structure 54 to thereby render the intersection 110 less susceptible to 
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tearing or shearing in response to repeated flexing of the flexible duct structure 
54. 

A similar condition is illustrated In Figure 6 wherein the interior 106 of 
duct assembly 50 is exposed to vacuum pressure, causing flexible duct 
5 structure 54 to bulge in an inward direction. Like the situation illustrated in 
Figure 5, support collar 90 limits the amount by which the wall 108 of flexible 
duct structure 54 may rotate relative to rigid duct structure 52 and helps to 
spread the tensile and compressive forces associated with the bulging of the 
flexible duct structure 54 over a relatively larger area. A similar condition is also 

10 experienced by flexible duct structure 54 when flexible duct structure 54 is bent 
relative to the longitudinal axis of rigid duct structure 52. Accordingly, support 
collar 90 is operable for rendering intersection 110 less susceptible to failures 
from the deformation of flexible duct structure 54 as a result of a differential fluid 
pressure as well as rendering intersection 110 less susceptible to failures from 

15 the movement or flexure of flexible duct structure 54 relative to rigid duct 
structure 52. 

Returning to Figure 2 and with additional reference to Figure 7, each of 
the convoluted bellows structures 62 is shown to include a plurality of 
elastomeric convolutions 120, a pair of end portions 122 and a pair of external 
20 plies 124. Convoluted bellows structure 62 is formed from a suitable 
elastomer, such as silicone, viton, flourosilicone, nitrile or neoprene. The 
elastomeric material may also be coated or impregnated over a fabric such as 
fiberglass or kevlar, depending on various design criteria. 
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Each of the end portions 122 is illustrated to be generally cylindrical in 
shape and sized to engage the end sections 128 of the rigid duct structures 
52a and 52b. External plies 124 may be formed from a material such as 
fiberglass reinforced silicone and are sized to overlap a portion of one of the 
5 end portions 122 and portion of an associated one of the end sections 128, 
permitting the external plies 124 to secure the convoluted bellows structure 62 
to an associated pair of rigid duct structures 52. 

The plurality of elastomeric convolutions 120 couple the end portions 
122 together and are resilient enough to permit relative axial movement 

10 between rigid duct structures 52a and 52b. The convoluted bellows structures 
62 are generally employed in relatively short lengths and are generally more 
flexible than the helix reinforced structures 60. Convoluted bellows structures 
62 are typically employed to correct misalignment between the duct assembly 
50 and another device (not shown), and/or to permit the length of the duct 

15 assembly 50 to be varied and/or to dampen vibrations which are transmitted 
through duct assembly 50. The number, shape and height of the convolutions 
120 and length of the convoluted bellows structure 62 is dependent on various 
design criteria, such as the anticipated misalignment or desired variation in 
the length of duct assembly 50. 

20 Depending on the differential fluid pressure, the fluid (e.g., air) in duct 

assembly 50 may exert a load on convoluted bellows structure 62 which 
causes the convolutions 120 to expand outwardly, possibly restricting the flow of 
fluid through duct assembly 50 and/or permitting the convoluted bellows 
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structure 62 to rub and abrade on another component and in severe cases, 
rupture. Accordingly, a reinforcing material, such as a plurality of thermoplastic 
or metal reinforcing collars 132, may be incorporated into convoluted bellows 
structure 62 to locally control the expansion of the convolutions 120. 
5 Returning to Figure 2, each of the attachment sleeves 56 is illustrated 

to be bonded to an associated one of the rigid duct structures 52 and is 
employed where additional stiffness is required, as for example where the 
ends 150 of duct assembly 50 are clamped to another device. Each of the 
attachment sleeves 56 is fabricated in a multi-ply manner wherein one or 

10 more rigid layers 200 are wrapped around an inner flexible layer 202. 

The rigid layers 200 may be formed from a polyester impregnated 
fiberglass, for example, and the inner flexible layer 202 may be formed from 
an elastomeric material such as silicone. In the particular example provided, 
the silicone inner flexible layer 202 is heat resistant and operable for forming a 

15 gasket that contains pressurized fluids within duct assembly 50, while the 
polyester impregnated fiberglass rigid layers 200 is suitable for withstanding 
the dynamic loading and motions that are transmitted through attachment 
sleeve 56. 

In forming duct assembly 50, it is preferred that a lay-up of the entire 
20 duct assembly 50 (i.e., the rigid duct structures 52 be coupled to their 
respective flexible duct structures 54 and attachment sleeves 56) and duct 
assembly 50 be co-cured in an oven or autoclave in a single cycle. However, 
those skilled in the art will also understand that each of the flexible duct 
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structures 54 and attachment sleeves 56 may be pre-cured as necessary and 
subsequently bonded to one or more of the associated rigid duct structures 
52. 

Forming duct assembly 50 with flexible duct structures 54 and 
5 attachment sleeves 56 is highly advantageous as compared with the duct 
structures of the prior art because the flexible duct structures 54 permit the 
rigid duct structures 52 to be fabricated in relatively straight sections, thereby 
reducing tooling and labor costs associated with the fabrication of duct 
assembly 50. Furthermore, as flexible duct structures 54 provide a 

10 comparatively large degree of latitude in the position of the ends 150 of duct 
assembly 50, the process of installing duct assembly 50 into an application is 
considerably easier and faster. 

In Figure 8, duct assembly 50a is illustrated to be similar to duct 
assembly 50 in that it includes a flexible duct structure 54 and a plurality of 

15 rigid duct structures 52. However, duct assembly 50a includes a plurality of 
attachment sleeves 56a which have a beaded end portion 220 that is 
operable for engaging the inner diameter 222 of a coupling hose 224. A 
retaining ring 226 is slid along the outer surface 228 of coupling hose 224 until 
it passes over beaded end portion 220. 

20 The geometry of retaining ring 226 provides anti-slip resistance to 

coupling hose 224, preventing coupling hose 224 from detaching from the 
beaded end portion 220 of hose assembly 50a. Pressurized fluid introduced 
into duct assembly 50a generates a detaching force causing coupling hose 
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224 and retaining ring 226 to separate from duct assembly 50a until a curved 
portion 230 of retaining ring 226 makes contact with beaded end portion 220. 
Additional detaching force then acts to squeeze retaining ring 226 and 
coupling hose 224 against beaded end portion 220, thereby creating a seal 
5 between coupling hose 224 and duct assembly 50a. Beaded end portion 220 
and retaining ring 226 are discussed in greater detail in above-referenced 
U.S. Patent No. 6,000,435. 

In Figure 9, a portion of a duct assembly constructed in accordance 
with the teachings of a fourth aspect of the present invention is generally 

10 indicated by reference numeral 50b. Duct assembly 50b is shown to include a 
duct structure 250 and a sleeve member 252. In the particular embodiment 
illustrated, duct structure 250 is a helix reinforced structure 60 constructed in 
the manner discussed above and not necessarily coupled to a rigid duct 
structure 52. However, those skilled in the art will understand that the 

1 5 teachings of this aspect of the present invention may be applied to other types 
of duct structures including rigid duct structures 52. As such, the scope of this 
aspect of the present invention will not be limited to duct structures having a 
helix reinforced structure 60. 

Sleeve member 252 includes a hollow central cavity (not specifically 

20 shown) which is sized to receive helix reinforced structure 60. Sleeve 
member 252 is slid over duct structure 250 to a predetermined area of helix 
reinforced structure 60 and bonded to the exterior perimeter 256 of helix 
reinforced structure 60. The ends 258 of sleeve member 252 may be secured 
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to a lay-up of helix reinforced structure 60 via several plies of material 260 
that are bonded to sleeve member 252 and helix reinforced structure 60. 
Thereafter, hose assembly 50b is placed in an oven at an elevated 
temperature to permit the adhesive that bonds helix reinforced structure 60 
together as well as adhesive that bonds sleeve member 252 to helix 
reinforced structure 60 to be simultaneously cured. 

Sleeve member 252 is operable for providing the portion of duct 
structure 250 to which it is coupled a predetermined one or more 
predetermined characteristics, such as abrasion resistance, puncture 
resistance or additional strength. If abrasion resistance is required, sleeve 
member 252 may be formed from a material such as polyester or KEVLAR®. 
If puncture resistance or additional strength is required, sleeve member 252 
may be formed from a woven material, such as steel wire, carbon graphite or 
KEVLAR® or from a material such as NEXTEL®. If heat resistance or 
containment is required, sleeve member 252 may be formed from a material 
such as NEXTEL®. 

In Figure 10, an alternative method for constructing hose assembly 50b 
is illustrated wherein helix reinforced structure 60 is be pre-formed and cured 
prior to the application of sleeve member 252 to helix reinforced structure 60 
and the curing of adhesive 270 which couples sleeve member 252 to helix 
reinforced structure 60. This situation is most likely to arise when duct 
structure 250 is in need of repair or reworking. In such situations, the 
repair/rework operation is frequently performed when the duct assembly 50b 
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is partially installed in its operating environment and as such, it is frequently 
not possible to cure the adhesive in an oven. Accordingly, a silicone 
adhesive, such as a room-temperature vulcanizing (RTV) silicone adhesive, 
may be employed to bond sleeve member 252 to duct structure 250. 
5 While the invention has been described in the specification and illustrated 

in the drawings with reference to a preferred embodiment, it will be understood 
by those skilled in the art that various changes may be made and equivalents 
may be substituted for elements thereof without departing from the scope of the 
invention as defined in the claims. In addition, many modifications may be 

10 made to adapt a particular situation or material to the teachings of the invention 
without departing from the essential scope thereof. Therefore, it is intended that 
the invention not be limited to the particular embodiment illustrated by the 
drawings and described in the specification as the best mode presently 
contemplated for carrying out this invention, but that the invention will include 

15 any embodiments falling within the foregoing description and the appended 
claims. 
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WHAT IS CLAIMED IS: 

1. A duct assembly for coupling a pair of components in fluid 
connection, the duct assembly comprising: 

a first portion; 

a second portion in fluid connection with the first portion, the second 
5 portion being relatively more flexible than the first portion; and 

a support collar coupled to an outer perimeter of the second portion and 
abutting the first portion, the support collar being sized to prevent the formation 
of a stress riser at an intersection between the first and second portions to 
thereby render the intersection less susceptible to tearing in response to 
1 0 repeated flexing of the second portion. 
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2. The duct assembly of Claim 1, wherein the support collar has a 
cross-section with a generally flat base. 

3. The duct assembly of Claim 1 , wherein the support collar has a 
generally circular cross-section. 

4. The duct assembly of Claim 1, wherein the support collar has a 
generally hollow cross section. 

5. The duct assembly of Claim 1, wherein the second portion 
includes a reinforcing helix that is positioned to abut the support collar. 

6. The duct assembly of Claim 5, wherein an end of the first portion 
proximate the intersection has an end portion which is smaller in diameter than a 
body portion of the first portion. 

7. The duct assembly of Claim 6, wherein the diameter of the end 
portion is approximately equal to an outside diameter of the support collar. 

8. The duct assembly of Claim 7, wherein the length of the end 
portion is equal to a pitch of the reinforcing helix. 
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9. A duct assembly for coupling a pair of components in fluid 
connection, the duct assembly comprising: 
a duct portion; and 

a sleeve portion bonded to an exterior perimeter of the duct portion, the 
5 sleeve portion being coupled to a predetermined area of the duct portion and 
providing the predetermined area with a predetermined characteristic. 
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10. The duct assembly of Claim 9, wherein the sleeve portion is 
formed from polyester and the predetermined characteristic is abrasion 
resistance. 

11. The duct assembly of Claim 9, wherein the sleeve portion is 
formed from a woven material. 

12. The duct assembly of Claim 9, wherein the sleeve portion is 
formed from a material selected from a group of materials consisting of steel, 
carbon graphite, kevlar and nextel. 

13. The duct assembly of Claim 9, wherein the duct portion is formed 
from a plurality of plies that are bonded together with a first adhesive material 
and the sleeve portion is bonded to the duct portion with a second adhesive 
material, the duct assembly being fabricated in a manner such that the first and 

5 second adhesive materials are cured in a common curing process. 

14. The duct assembly of Claim 9, wherein the duct portion is formed 
from a plurality of plies that are bonded together with a first adhesive material 
and the sleeve portion is bonded to the duct portion with a second adhesive 
material, the duct assembly being fabricated in a manner such that the first 

5 adhesive material is cured prior to the curing of the second adhesive material. 
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15. The duct assembly of Claim 14, wherein the second adhesive 
material is a silicone adhesive. 
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16. A method for forming a reinforced flexible duct assembly 
comprising the steps of: 

providing a duct member; 

determining a diameter of the duct member; 

selecting a reinforcement member and a reinforcement pitch based on 
the diameter of the duct member; and 

bonding the reinforcement member to an exterior surface of the duct 
member in a helix such that a pitch of the helix is equal to the reinforcement 
pitch. 
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17. The method for forming a reinforced flexible duct assembly of 
Claim 16 wherein the step of selecting the reinforcement member and the 
reinforcement pitch include the steps of: 

selecting a reinforcing member having a diameter of about 0.15 inch and 
5 setting the reinforcement pitch equal to about three-quarters (%) of an inch if the 
diameter of the duct member is greater than seven and one-haif (734) inches; 

otherwise, selecting a reinforcing member having a diameter of about 
one-eighth (1/8) inch and setting the reinforcement pitch equal to about three- 
quarters (%) of an inch if the diameter of the duct member is greater than five 
1 0 and one-half (5 1 /4) inches; 

otherwise, selecting a reinforcing member having a diameter of about 
0.10 inch and setting the reinforcing pitch equal to about seven-eighths (7/8) of 
an inch if the diameter of the duct member is greater than four (4) inches; 

otherwise, selecting a reinforcing member having a diameter of about 
15 0.10 inch and setting the reinforcing pitch equal to about three-quarters (%) of 
an inch if the diameter of the duct member is greater than about three and one- 
half (3 1 / 2 ) inches; 

otherwise, selecting a reinforcing member having a diameter of about 
three-thirty-seconds (3/32) of an inch and setting the reinforcing pitch equal to 
20 about three-quarters (%) of an inch if the diameter of the duct member is greater 
than about two and one-half (2 1 >4) inches; 

otherwise, selecting a reinforcing member having a diameter of about 
three-thirty-seconds (3/32) of an inch and setting the reinforcing pitch equal to 
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about five-eighths (5/8) of an inch if the diameter of the duct member is greater 
25 than about one and three-quarters (1%) inches; 

otherwise, selecting a reinforcing member having a diameter of about 

five-sixty-fourths (5/64) of an inch and setting the reinforcing pitch equal to about 

one-half inch if the diameter of the duct member is greater than about one 

and one-quarter (1 VZ) inches; 
30 otherwise, selecting a reinforcing member having a diameter of about 

one-sixteenth (1/16) of an inch and setting the reinforcing pitch equal to about 

seven-sixteenths (7/16) if the diameter of the duct member is greater than about 

one (1) inch; and 

otherwise, selecting a reinforcing member having a diameter of about 
35 one-sixteenth (1/16) of an inch and setting the reinforcing pitch equal to about 
three-eighths (3/8). 



-27- 



Boeing Docket No. 00-089 (007773) 
HD&P Docket No. 7784-000135 



18. A method for forming a hose assembly for coupling a plurality of 
components in fluid connection, the method comprising the steps of: 
forming a rigid duct structure and a flexible duct structure; and 
bonding the flexible duct structure to an end of the rigid duct structure to 
produce a clampless flexible joint which permits an end of the flexible duct 
structure opposite the rigid duct structure to be moved relative to the rigid duct 
structure. 
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1 9. The method of Claim 1 8, further comprising the steps of: 
providing an elastomeric attachment sleeve; and 

bonding the elastomeric attachment sleeve to an end of the rigid duct 
structure opposite the flexible duct structure. 

20. The method of Claim 18, wherein the flexible duct structure 
includes a plurality of bellows. 

21. The method of Claim 20, wherein the plurality of bellows are 
reinforced with a reinforcing member. 

22. The method of Claim 21, wherein the reinforcing member is 
formed from a thermoplastic. 

23. The method of Claim 18, wherein an end of the rigid duct structure 
includes a beaded end portion. 

24. The method of Claim 1 8, wherein the rigid duct structure is formed 
from a material selected from a group of materials consisting of metals, plastics 
and composites. 
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25. A method for forming a hose assembly for coupling a plurality of 
components in fluid connection, the method comprising the steps of: 

forming a flexible duct structure from an elastomeric material; 

forming first and second rigid duct structures, the first and second rigid 
5 duct structures being formed to be relatively more rigid than the flexible duct 
structure; 

coupling the first rigid duct structure to a first end of the flexible duct 
structure; and 

coupling the second rigid duct structure to a second end of the flexible 
10 duct structure such that the flexible duct structure permits the first and second 
rigid duct structures to be moved relative to one another. 
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26. The method of Claim 25, further comprising the steps of: 
providing an elastomeric attachment sleeve; and 

bonding the elastomeric attachment sleeve to an end of the second rigid 
duct structure opposite the flexible duct structure. 
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ABSTRACT OF THE DISCLOSURE 

A hose assembly for coupling a plurality of components in fluid 
5 connection and a method for making same. According to a first aspect of the 
invention, the hose assembly includes at least one rigid portion and at least 
one flexible portion which cooperate to permit the shape and size of the hose 
assembly to be easily modified so that the components may be coupled to 
one another. A second aspect of the invention provides a method for 

10 reinforcing a flexible portion of the hose assembly to prevent the flexible 
portion from kinking when the flexible portion is bent. A third aspect of the 
invention provides a support collar for use in reinforcing an intersection 
between a pair of duct sections wherein at least one of the duct sections is 
moveable relative to the other duct section. The support collar reinforces the 

15 intersection and helps to render this section less susceptible to tearing. A 
fourth aspect of the invention provides a hose assembly having a sleeve 
member which covers at least a portion of a duct member so as to provide the 
duct member with a predetermined characteristic, such as abrasion, tear or 
puncture resistance. 
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